Discussion Arising from Session on Non-Thermal Factors by unknown
THE YALE JOURNAL OF BIOLOGY AND MEDICINE 59 (1986), 329-334
Discussion Arising from Session on Non-Thermal Factors
DR. BRUCK: I am somewhat lost in the position of a proponent because there were no
real objections, so it is difficult to make rebuttals. There were only slight differences in
the views expressed. Perhaps we could magnify these differences for the sake of
discussion.
I should therefore repeat that I was nottalkingofan awkward mechanical calculator
for the control of blood flow, a calculator that could just handle two inputs-
baroreceptor input and thermal input. Instead, I was talking of a much more
automated computer, able to handle a multitude of inputs-emotional, motivational,
and so on. The computer is designed to make the subject as happy as possible. That
means, in one situation, the subject would be happy by being exhausted, as we saw
yesterday. Under these conditions, there will be other inputs determining skin blood
flow. It is difficult to make predictions about blood flow ifyou don't know all the inputs
into the system.
DR. NIELSEN: I have a few comments on methods. So far we have no way ofmeasuring
the circulation in one of our largest organs-the skin. What we do is to measure
something that we claim represents the circulation through skin. We postulate that
changes in this variable are due to changes in skin blood flow, but it may not be true.
Furthermore, there are differences in the innervation of different skin areas. Some of
the reports brought up have been dealing with circulation of the fingers as an
expression ofskin blood flow. Other reports have been dealing with forearm blood flow.
Total body heat transfer or conductance are used as expressions of skin blood flow.
Whether or not these are equal in their way ofmeasuring changes in skin blood flow is
one question. Since the innervation ofdifferent skin areas is different, you may not be
able to conclude from your results from one skin area what happens with total body
skin circulation.
Another thing we should consider is when we measure sensitivity, thresholds, and so
forth for activation ofskin circulation, we suppose that we are looking at the inputs to
the controller if we keep average skin temperature at some more or less defined level
and look at the changes in core temperature. But is that all? Do we have the real input
to the controller by measuring thesevariables? We have done a lot ofstudies where we
compared rectal temperature to esophageal temperature to tympanic temperature and
found there may be differences between these expressions of core temperature in
different types of exercise. I don't believe in our diathermia experiments because I
don't think our measured rectal temperature is an input to the system. That is why we
continued with the other type of experiment where we could change the heat load on
the subject with positive and negative work exercise.
As to factors of non-thermal origin which we have talked about today, we know
pretty much what some of these factors are. We know that factors dealing with the
filling of the circulatory system take precedence over thermoregulatory reflexes. We
can only guess upon where the osmotic effect has its action. About the changes which
occur with training, acclimatization, diurnal variations . . ., we only know that these
exist. To obtain a stimulus-response curve, we need to increase the core temperature
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(the so-called stimulus) about a degree or two. This can be obtained in a period of
about 30 minutes. But can we predict anything from our stimulus-response curves or
merely describe the phenomena?
DR. WENGER: At the beginning of our study of the control of peripheral blood flow at
the Pierce Laboratory, we found that exercise intensity seemed not to affect the
relationship of forearm blood flow to internal body temperature. In fact, if we did
regressions, we found that blood flow was slightly higher at higher exercise intensities.
But this was not a statistically significant effect. The finding that the relationship is
independent of exercise intensity over a fairly wide range does not necessarily mean
that there is no vasoconstrictor effect of exercise but nonetheless it has a number of
important implications.
In the first place, since the vasoconstrictor effect, if any, is not proportional to
exercise intensity, it's contrary to what is predicted both by the elevation of set-point
theory and also by Rowell's concept of a vasoconstrictor bias proportional to exercise
intensity. Therefore, this effect cannot be invoked to explain the elevation in core
temperature during exercise.
Second, the concept thatvasoconstriction seen underconditions ofhigh strain can be
extrapolated down to predict substantial vasoconstriction under conditions of lower
thermal strain depends on a vasoconstrictor effect proportional to exercise intensity.
The fact is that in skin, thevasoconstrictor effect, ifany, is not proportional to exercise
intensity over a wide range, until we get to conditions of fairly high cardiovascular
demand. Only then do we observe a substantial skin vasoconstriction. In work both at
the Pierce Laboratory and in Seattle, breaks in the slope of the relationship of blood
flow to internal temperature have been seen in subjects exercising at fairly high
intensities in the heat. Yet other work done in the same laboratories shows that, under
less stressful conditions, the blood flow-to-esophageal-temperature relationship can
keep rising linearly to a pointwell past where the breaks occur, implying that the break
is not an intrinsic characteristic of the relationship between skin blood flow and
esophageal temperature.
It is quite likely that the total effect ofexercise on skin blood flow is an algebraic sum
ofa number offactors arising from baroreflexes, chemosensitive free nerve endings in
muscle, and the like. One reason we see very little effect of exercise on the control of
skin blood flow until we get to conditions of fairly high demand is that other reflex
loops which hypothetically may be tending to limit skin blood flow are being opposed
by the effect ofelevated arterial pressure. Perhaps the break points that we see in the
relationship ofesophageal temperature and the upturn that we see in the relationship
of vasoconstriction to some index of strain comes when arterial pressure during
exercise is no longer being defended as well as during less stressful conditions.
I agree with Dr. Nielsen that different skin regions have different vasomotor
innervation. What we are looking at in theconveniently accessible places likethefinger
and forearm may not tell us very much about what is happening in the rest ofthe skin.
A recent demonstration of this is work done by Kenney and colleagues at Penn State.
They studied responses ofhealthy hypertensives and control subjects to cycle exercise.
Whereas the control subjects showed the expected linear relationship of increasing
forearm blood flow with increases in esophageal temperature, the hypertensives
showed only a slight and statistically insignificant increase in forearm blood flow. Yet
the new steady-state levels ofesophageal temperature reached werevirtually identical.
If the whole skin had been as vasoconstricted as the forearms in these subjects, the
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core-to-skin thermal conductance would have been totally inadequate to thermo-
regulate normally. So the very fact they were no more hyperthermic at the end of
exercise than the control subjects shows that skin over much of the body must have
been vasodilating normally, even though the forearm skin did not.
DR. NADEL: I want to reiterate the claim that the changes induced by superimposition
of baroreflex, exercise, or osmotic effects upon the thermal drives for cutaneous
vasodilation are relatively minor in the total overall cutaneous vascular response to
exercise.
At the beginning ofexercise, the rate of heat production greatly exceeds the rate of
heat loss. The thermal energy release from the muscle drives the body core tempera-
ture up at the onset ofexercise. It is the quickness ofthe thermal regulatory responses
that ultimately affects the magnitude of increase ofcore temperature. In other words,
ifthere is a fast heat-loss response, then the new balance between the heat loss and the
heat production will be achieved relativelyquickly, and the body core temperature will
not have increased by too great an extent. Conversely, ifthe heat dissipation responses
are sluggish with respect to thechange in body temperature, then the new steady-state
temperature will be achieved much later and the body core temperature will rise to a
much greater extent. So we aretalkingabout ratesofenergytransferand the quickness
ofthe response.
We have made a point in the past that if we induce hypovolemia, this changes the
relation between the forearm blood flow and the internal temperature. Hypovolemia
induces an increase in thethreshold for skin vasodilation and a decrease in the maximal
blood flow to the skin. Nonetheless, it is inescapable that after 30 minutes ofexercise,
the differences in the final internal temperature are relatively small, only 0.40C. This
seems to beparadoxical. Ifthechanges in thecirculatory responses are solarge as to be
worth noting, then why are differences in the heat storage relatively small? This might
support Dr. Nielsen's point, which is that thechanges in heat transport across different
areas of skin might not be uniform. We don't know how skin blood flow changes over
the trunkofthe body. Perhaps using techniques like laserdopplervelocimetry will help
us examine questions related to skin surfaces that are not accessible to plethysmo-
graphic techniques.
DR. CABANAC: Like the four wise Indian philosophers, our four lecturers oftoday were
looking at the sameelephant and looking at the sameorgan, the skin. And no onefound
the same thing. The differences may have been due to the way the question was
framed. Are non-thermal factors important in the cutaneous vascular response to
exercise?
At the beginning ofexercise, before there is an increase in body core temperature, a
non-thermal vasoconstriction occurs, presumably as part of the sympathetic adjust-
ment response.
If we look at the zone in which deep-body temperature has been very much affected
by exercise, where there is a gross hyperthermia, there are important non-thermal
factors in order to maintain blood pressure and cardiac filling. There is here a
competition between temperature regulation and circulation and we have seen several
examples in all of the four speeches that there are non-thermal factors participating
here.
Between normothermia and excessive hyperthermia is where temperature regula-
tion takes place. Are there non-thermal factors active in this range of function and
particularly on skin blood flow?
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If we stick to the control of skin blood flow, one main point is that there is no
resetting ofthe thermostat. The only example that could be a resetting was shown with
dehydration.
DR. JESSEN: There isn't very much left to be said. As Dr. Cabanac implied, it is a
matter ofsemantics-what is important and what is not important.
Briick has in effect said he thinks non-thermal inputs are important under certain
conditions, which already implies that they might be non-important under other
circumstances.
Ourchairman likes to thinkin terms ofcompeting demands. Ifthe sum ofcompeting
demands by thermal regulation and blood pressure regulation is smaller than the
functional capacity of the circulatory system, then of course non-thermal factors are
not important in the sense that they are limiting the heat transfer from the body core to
the surface. But these may well be limiting ifthe sum ofcompeting demands is higher
than the functional capacity ofthe circulatory system.
DR. WENGER: One further point. Differences in results between laboratories can be due
to the different postures of the subjects. In our experiments we have always had the
subjects seated in a chair behind the pedals because that makes the trunk much more
stable and it is easy to get artifact-free measurements offorearm blood flow.
DR. RAVEN: I'd like to congratulate Dr. Cabanac for recognizing that the opponents
tried to rigidly limit the debate to an area that makes their point for them. I don't feel
that is the way to operate a debate.
In my opinion, insofar as the peripheral circulation is concerned, the sequence of
events during exercise is as follows. There is first a general sympathetic vasoconstric-
tion ofthe skin; this eventually is overridden by temperature regulation demands until
you get to the high-pressure baroreceptor responses when the esophageal temperature
goes above 380C.
We know, for instance, that marathon runners are able to maintain a 410C rectal
temperature for more than two hours. I'd like to know what happens to their skin
circulation in such conditions. Furthermore, there is the question of how much heat is
lost from the respiratory tract during exercise at 80 percent Vo2 max. The amount of
heat loss here is amazing, but difficult to quantify.
DR. NADEL: I'd like to compliment Dr. Raven for recognizing that we attempted to
limit the debate to the issueofthe importance ofthe non-thermal effects. That was the
idea.
Respiratory evaporative losses are of course related to the rate of pulmonary
ventilation. The amount of respiratory evaporative loss that can occur during heavy
exercise is on the order of 75 watts or so, which is about 75 percent of the resting
metabolism. In any case, an exercising person really can't dump all that much heat via
the respiratory tract. So that means your marathon runners exercising at 80 percent of
maximal aerobic power for two to three hours must be dissipating nearly all of the
thermal energy they are producing through the skin. In order for this to occur, most of
the heat has to be carried via the circulatory system to the skin, from where it is
evaporated. The cutaneous circulation must be quite an effective vehicle for the
transport ofheat. This is not to say that other influences are not having their effects on
the cutaneous circulation, because they most certainly are in extremeconditions. But it
is to say that the cutaneous circulation is serving several masters rather well during
such times.
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DR. NIELSEN: I would like to comment on the statement that it is only in extreme
conditions that these non-thermal factors are operating. In a thermal neutral environ-
ment, 200 or 250C ambient temperature, the core temperature will rise to a higher level
during exercise in a dehydrated state then in the hydrated state. If you hyperhydrate a
person by letting him drink sodium chloride, resulting in increased plasma volume but
in a hyperosmotic state, he will have a higher core temperature during exercise due to
the decline in the sweating response. We can't say whether this holds for the skin
circulation in the same situation.
DR.SIMON: I have two comments. The first is on the benefits of extremely high internal
temperatures. When there is a relatively reduced skin blood flow, there is an enormous
temperature gradient between core and skin, so the system gets more efficient with a
higher body temperature because more heat is able to flow. This may help to establish
an equilibrium at a high core temperature in these marathon runners.
The other point is to the influence of hyperosmolarity on the set point. We run into
difficulties with those homeotherms which do not sweat but pant and have the very best
anatomical conditions to cool their brains. Despite this fact, they stop panting when
they get hyperosmotic.
DR. BLATTEIS: I have the impression that to bolster their cases, each one ofthe speakers
is specifying certain conditions which tend to support the results that he gets. This
reminds me of certain experiments back in the early '50s that were intended to
elucidate the effect of hypoxia on the metabolic response of guinea pigs to cold. If the
guinea pigs were exposed to a cool environment and moderate hypoxia, the metabolic
response was depressed. But if the environment was colder, then the thermoregulatory
response reappeared. If more hypoxia was added, then the thermoregulatory response
was depressed again, and so on until there was an oxygen level of about 8 percent or so
when the thermoregulatory response was depressed once and for all. This serves to
illustrate that there are priorities in the body. The situation is different depending upon
what is important or what has to be preserved under the conditions. As I understand
these arguments, I see that under some conditions, some factors have to predominate.
Exercise is a dynamic situation in which things are happening all the time. Which
factor might in fact predominate at one moment may not at another. In real life all of
these factors that affect the peripheral circulation are in competition with one another,
and which predominates or does not predominate is extremely difficult to know except
in rigidly controlled experiments.
DR. SENAY: I think Dr. Blatteis has a good point, because if you have done very many
maximum oxygen consumptions on individuals, you are aware of the extreme
cutaneous vasoconstriction that occurs just before they stop. I think everyone here
knows this but no one has measured the cutaneous flow at this point. Wejust know it by
"folklore."
I'd like to ask Dr. Nielsen one question. I have always been intrigued by the
experiment you did with individuals whom you exercised and then loaded with carbon
monoxide. The skin temperatures went up one degree; thus, you increased the
conductance very greatly. Do those experiments have any role in this particular
discussion, because of this increase in cutaneous blood flow with the same work load?
You probably increased the cardiac output, didn't you?
DR. NIELSEN: If you calculate conductance you will find it is increased, but I am not
certain how a change in this variable affected the total heat balance. We did not
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calculate the conductance in the resting condition before, so I don't know the baseline
from which the thermal conductance was changed because there may be a higher skin
conductance in the resting condition with CO. This would be worth following in the
future. These are the types of studies we can use to better understand the role of
non-thermal factors.